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ABSTRACT

This thesis designed, developed, and implemented an integrated data collection
and display system for supporting After Action Reviews (AARs) for tactical exercise
participants. Data is collected with small, inexpensive, and easy to use computers. The
exercise is immediately replayed during the AAR by depicting unit locations, actions,
interactions, and dependencies dynamically over a digital map on a computer display.
The system is intended to increase the learnin g of the tactical exercise participants and
ultimately improve their performarice in combat. Conventional range instrumentation
systems (RIS) are expensive. Tactical Exercise Review and Evaluation System (TERES)
can meet the principal RIS requirements for a fraction of the cosi and provide the
flexibility to function at any location. The data collection subsystem utilizes commercial ‘
Global Positioning System (GPS) receivers and handheld personal computers (HPC) to
collect data. The HPC is programmed to passively record positions and time along with
specific mission-essential tasks inputted by an observer. The display subsystem utilizes
digital military maps to provide an event step animation of the collected exercisevdata.
NATO standard military symbols are used to represent unit identities and locations. With
TERES, leaders and subordinates can more easily learn valuable lessons about
synchronizing maneuver with direct and indirect fire. Questions about mission
accomplishment, individual performance, and command and control can now be

discussed with an objective tactical pictlire.
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DISCLAIMER

The reader is cautioned that computer programs developed in this research may
not have been exercised for all cases of interest. While every effort has been made,
within the time available, to ensure that the programs are free of computational and logic
errors, they cannot be considered validated. Any application of these programs without
additional verification is at the risk of the user.

The maps and overlays developed in this research are displayed in color on
computer monitors. The screen shots included here are reproduced without color to

facilitate the printing of this document.
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EXECUTIVE SUMMARY

This thesis designed, developed, and implemented an integrated data collection
and display system for supporting After Action Reviews (AARs) for tactical exercise
participants. During the exercise data is collected with small, inexpensive, and easy to
use computers. The exercise is immediatefy replayed during the AAR by depicting unit
locations, actions, interactions, and dependencies dynaml:cally over a digital map on a. |
computer display.

AARs should center on decision-making, synchronization of battlefield systems
for maximum effect, and upon improving the overall process. Instead, participants often
argue about what happened or disagree with each other about where they went and what
they did. The discussions are hindered by a lack of objective observers. Tactical
Exercise Review and Evaluation System (TERES) is intended to increase the learning of
tactical exercise participants by providing immediate and objective feedback to exercise
participants at the conclusion of training. The goal of this effort is to ultimately improve
performance in combat.

Conventional Range Instrumentation Systems (RIS) are expensive. The United
States Marine Corps validated a requirement for instrumented ranges that it could not
afford to fund after beginning an acquisition program. TERES can meet the principal
RIS requirements for less than $1,000 per individual and provide the flexibility to
function at any location. The most important aspects of the RIS Operational

Requirements Document (ORD) require support of force-on-force and live fire exercises
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and support of Marines with feedback while still in the field. TERES is designed to meet
these goals.

| The data collection subsystem utilizes commercial Global Positioning System
(GPS) receivers and handheld personal computers (HPC) to collect data. The HPC is
programmed to passively record positions and time along with specific mission-essential
tasks inputted by an observer. The GPS receiver provides time and position information.
The mission-essential tasks are entered through a flexible system of graphic user
interfaces (GUIs). The GUIs provide a quick and simple way of accurately recording
training activities.

The display subsystem utilizes digital military maps to provide an event-step
animation of the collected exercise data. This software operates on a standard laptop or
desktop computer. GPS times provide the means to synchronize the data from the
various HPCs. The synchronized data is on the examined computer display using a set of
VCR-like controls that allows the viewer to scroll forward and backward easily. NATO
standérd military symbols are used to represent pnit identities and locations.‘ Colored
graphics are used to indicate various direct and indirect fire weapons.

TERES has the potential to envhance development of tactical judgement and skills
of all Marines conducting tactical training. Dynamic display of spatial information using
common military maps and symbols permits immediate recognition of the interactions
between units. TERES also reinforces the use of mapé symbols and operations graphics

as planning tools. The objective baseline established by this system enables frank and
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professional discussion of unit and individual performance in a framework of the
battlefield functions. |

This low-cost, distributed data collection approach provides excellent resolution
and meets exercise participant’s needs for feedback at the conclusion of training. The
technology for a simple distributed data collection and geographic display system using
commercial-off-the-shelf computers and GPS receivers to provide immediate support and
timely feedback for exercise participants is available. TERES demonstrates an

architecture and implementation of such a system.
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I. INTRODUCTION

The more you sweat in peace the less you bleed in war.
Common military axiom

Quality training in the Marine Corps must be a way of life.
FMFM 0-1, Unit Training Management Guide

A. BACKGROUND
1. Marine Corps Training

The Marine Corps’ major peacetime activity is training. Military leaders and
historians both know there is a direct correlation between training and victory. Military
training is conducted at all levels of organization and at all locations worldwide.
Training takes place while in garrison, forward deployed, waiting for battle, or even
between operations. The Marine Corps mandate for training is simple and compelling-
the nation must have units ready for combat. [Ref.1:p 1-1] Training is a moral
imperative not just a professional one. The human cost of war is tremendous and well
recognized by the men who bear it. Military leaders recognize their responsibility for
achieving success, not at any cost, but with the lowest human cost. Even success is
expensive for the unprepared. Lack of preparation is remedied with training. From
training comes the ability to follow procedures, to execute techniques, to apply tactics,
and to integrate the capabilities of arms and services. Fulfilling the requirement to
maintain co‘mbat ready individuals and units is the focus of the broadest effort in the

Marine Corps.



Understanding unit training is esséntial to appreciating the requirement for a
device like the one put forward in this thesis. A detailed explanation of the training
process is essential to understand the scale and scope of the training effort and the areas
needing improvement.

2. Unit Training

Training standards are the focus of the Mariqe Corps training system. The entire
training system is based on, and all training programs are built around, standards. All
training standards are derived from the specific mission requirements of the Marine
Corps and developed using current doctrine. They insure that all Marines are being
trained to perform activities oriented towards gctual combat.

Unit proficiency and, ultimately, mission accomplishment relies first on training
of the individual. Training of the individual begins at the entry level and continues
through Military Occupational Specialty (MOS) schools. Individual training continues
through each member’s career. The Individual Training Standards System (ITSS) lists
the Individual Training Standards (ITS) for each officer and enlisted rank by MOS. The
ITSS al'so includes the tasks, conditions, and standards for each ITS. Unit collective
, training begins after a period of ITS training and refreshment has concluded.

Collective training standards are published with the Marine Corps Combat
Readiness Evaluation System (MCCRES) as Mission Performance Standards (MPS),
published in Marine Corps Order (MCO) 3501 serieé. MPS prescribe the specific tasks
that a unit must perform to successfully execute a particular mission. MPS can be

thought of as mission essential tasks that constitute unit training requirements. MPS also



serve as a means to evaluate the current training of a unit. They help the commander
determine the relative efficiency and effectiveness of his unit and provide an outline for
corrective action when mission weaknesses are noted.

Commanders allocate resources for training based on anticipated combat
requirements. Training resources can become very scarce. Lack of training funds, lack
of training areas, and lack of personnel are impediments to training. Focusing on the
combat requirements recognizes that proficiency cannot be achieved on every training
task. Commanders achieve succes_sful training programs by narrowing focus to a reduced
number of tasks. These tasks make up mission-essential task lists (METL). The mission
essential tasks are extracted from a larger number of possible training tasks. The unit
METL may outstrip training resources but it narrows focus and provides structured
planning efforts. An example of a portion of a Marine Expeditionary Unit (MEU) METL
and a supporting Battalion Landing Team (BLT) METL is shown in Table 1.

The commander has the responsibility for developing a training strategy for
maintaining unit proficiency in MﬁTL tasks. The commander’s guidance results in a
Training Plan designed to focus organizational ac;tivities on achieving METL proficiency.
The Training Plan provides long term and short-term focus for the unit. The long-term
focus comes in the form of a cycle through which the unit will move in order to train for
each METL task. The short-term focus takes the form of a training calendar. The
training calendar contains many different individual and unit training events. The

training calendar is also where requirements of the METL meet the reality of the




resources. There are simply never enough resources to fulfill every unit’s requirements.
Commanders are compelled to decide on which critical METL tasks to train.
|
|
|

MEU-METL
MPS 7A.6 NONCOMBATANT EVACUATION OPERATION
BLT-METL
TASK 7A.6.1 CONDUCT INITIAL PLANNING (NEO)
TASK 7A.6.3 PERFORM INTELLIGENCE FUNCTIONS
TASK 7A.6.4 CONDUCT ADVANCE PLANNING
TASK 7A.6.5 PERFORM TASK ORG. OF NEO FORCE
TASK 7A.6.7 PLAN COMMUNICATIONS
TASK 7A.6.8 CONDUCT TACTICAL DECEPTION PLANNING
TASK 7A.6.13 PREPARE FOR NEO MISSION
TASK 7A.6.16 PREPARE TACTICAL DECEPTION PLAN
TASK 7A.6.17 CONDUCT HELOCOPTERBORNE MOVEMENT
TASK 7A.6.18 EXECUTE TACTICAL DECEPTION
TASK 7A.6.20 WITHDRAW THE NEO FORCE

Table 1.  Marine Expeditionary Unit Mission-Essential Task List. [FMFM 0-1 p.5-2]

A tremendous amount of effort is expended in training Marines and sailors for
combat. The training system provides the focus for all individual and team training as a
predicate for unit training events. As we progress through the training system the nature
of the training changes from numerous drills and instruction aimed at individuals and ‘

teams to singular unit exercises involving up to 1000 or more people. Unit training is

where Marine Corps organizations learn their lessons for combat. Unit training ensures

our effectiveness as a fighting force. There is tremendous focus by commanders on the




training system as a method to ensure that individual and team training progresses
satisfactorily before precious unit training is conducted.

The capstone of unit training takes the form of Field Training Exercises (FTX)
and Live Fire Exercises (LFX). FIXs are high-cost, high-overhead exercises conducted
under simulated combat conditions in the field. [Ref.1:p.11-36] They exercise command
and control of all echelons against an actual or simulated Opposing Force (OPFOR)."
FTXs use all unit personnel and equipment. FTXs are the only exercises that fully
integrate fhe total force in a realistic combat environment. Emphasis is normally placed
on maneuver of units. FIXs can involve rehearsing employment of weapons while
maneuvering. Participants gain an appreciation of how the factors of time and distance
influence planning and execution of military operations. [Ref.1]

Live Fire Exercises are high-cost, resource intensive exercises in which playér
units maneuver and efnploy organic and supporting weapons systems using full-service
ammunition with integration of all combat arms, Combat Support (CS), Combat Service
Support (CSS), and aviation functions. [Ref.1:p.1-41] LFXs are executed under
simulated battlefield conditions and are employed by commanders to train integration of
fire and maneuver against a realistic target array.

FTXs and LFXs have much in common. Both are designed so each Marine gets
experience employing his weapon or performing his job in a close approximation of
combat. FTXs and LFXs also provide the leaders tactical experience and provide them

opportunities to hone their judgement in employing their unit as a whole. Finally, both




LFXs and FTXs compete for the scarce resources of personnel, ammunition, ranges,
maneuver area, money, and especially time.

After the expenditure of great effort to plan and perform training, the commander
must strive to get the maximum benefit from the training. The lessons 1earn¢d in unit
training are generally aimed at commanders, staffs, and small unit leaders. These people
are not fully trained during the individual training phase. They can only learn many of
their skills in unit exercises. The success of any unit-training event does not rest solely
on prerequisite training or the actual conduct of the FTX. Lessons leamed for combat
success are as important as safe completion of the tactical problem. The after action
review (AAR) is where most lessons are learned from unit training. The AAR is a form
of critique or evaluation providing immediate feedback to exercise participants.
Training evaluations should reveal valuable information emphasizing goals, standards,
and commander’s guidance for the exercise. Critiques should actively involve the people
being evaluated and should answer three questions:

e What happened?

e Why did it happen?

¢ How can it be done better? [Ref.1:p.10.3]

Information from AARs can affect unit training programs and unit special
operating procedures (SOPs). Information from Corps-wide evaluations can change
doctrine, force structure, literature, and equipment.

AARs are not critiques in the normal sense. Instead they are professional
discussions of training events. Leaders should guide AARs to ensure that important

lessons are openly discussed. Participants who identify what went right and wrong learn



much more than when lessons are dictated. AARs encourage discovery learning. In this

way, Marines and junior officers get involved in their own professional development and

learn more in the process. [Ref.1:p. D-1]

AARs cover both strengths and weaknesses associated with:

Tactics.

Combined arms employment.

Command and control.

Communications.

Survivability.

Personnel and logistics support [Ref.1:p. D-2].

For a large FTX, each echelon’s AAR discusses items and events relating to the

exercise objectives. For example, topics for a Company level AARs would include:

Engagements.

Use of terrain.

Suppression of enemy weapons.

Coordination of fire and maneuver.

Employment of antitank weapons.

Employment of other organic and supporting weapon systems. [ Ref.1:p.D-4]

The previously described LFXs and FTXs are both conducted with two possible

modes of supervision. The most common is unit-supervised training. The leader

conducting the training is responsible for leading the AAR and guiding the discussion to

the important topics in addition to being a participant. Unit supervised training takes

place daily in local training areas at every location where there are Marines stationed.

The second mode of supervision takes place when dedicated observers are accompanying

the exercise participants. This mode is far more resource intensive because of the

requirement for experienced people to act as observers. Observers are commonly




referred to as controllers or evaluators. The Marine Corps has two ways of facilitating
this type of exercise éupervision. The preferred is the dedicated unit of controllers
stationed at Marine Corps Air Ground Combat Center, Twenty-nine Palms, CA
(MCAGCC). These Marines have the assigned task of providing feedback to the
exercising units that conduct the ten Combined Arms Exercises (CAX) under their
supervision each year. At all other Marine Corps bases a less formal controller support
effort takes the form of a Tactical Exercise Control Group (TECG) formed from officers
and Staff;Non Commissioned Officers from similar units not participating in the
evaluated exercise. These personnel-intensive exercises usually occur at home station
and are reserved for units preparing for deployment or large scale exercises of higli level
interest.

In either of its forms, the controllers’ organization is responsible for adding
realism in the form of intelligence, recording events, and providing feedback during the
AAR. The controllers rely on hastily scribbled notes to stimulate their memories.

3. Need

Without question, the most important part of any exercise is the
critique, yet it is the first to be sacrificed or reduced due to lack of time or
competing priorities. Critique sessions should be a positive means of

providing meaningful feedback aimed at helping our units to improve.
32" Commandant’s Guidance, ALMAR 023/99

A tremendous effort has gone into organizing a training system that ensures units
spend their time on the highest-value training and that prerequisite training has been

completed before progressing to higher tasks. Little has been accomplished in the area of



improving or supporting the AAR at the end of FTXs or LFXs to heighten the learning
experience of participants.

Whether externally or internally evaluated, it becomes the responsibility of the
chief controller or the unsupported exercise leader to establish an agenda and lead the
AAR. The AAR leader depends upon a complete picture of what happened during the
exercise. [Ref.1:p. D-2]

A complete picture is rarely achieved. Events occur at high speed, with high
frequency; and over great distances. Even in a relatively small company-level FEX no
single person can observe all the events especially if they are preoccupied with the
accomplishment of the overall unit mission.

The AAR depends on the experiences of every participant to form a picture of the
action. This must be accomplished in an atmosphere of effective learning. Leading an
effective AAR is difﬁcult for even the most seasoned observer. The agenda for the AAR
is hastily assembled aftér the conclusion of the exercise. If an exercise is supported by
observers, then the participants may benefit from notes taken by the observers during the
tactical play. Terrain models are often used to stimulate Ihemoﬁes while markers are
used to represent the movement of units, vehicles, and individuals.

The issues of distance and time as they pertain to military operations are primarily
spatial. Verbal discussion, based on hastily scribbled notes or distracted memories of the
harried unit leader, do not adequately portray the complex actions and interactions that
take place during military operations. Consequently, the doctrinal format for an

operations order (OPORD) requires preparation of map overlays called operations




graphics that must contain unit locations, anticipated movements, and operational
boundaries, in addition to checkpoints and phase lines, to coordinate the movements in
time. Units’ locations and enemy locations are tracked on maps containing graphic
control measures from the OPORD. Locations are updated as units report movement.
The maps with these elements comprise the basic sources of information for tactical
decisions during operations.

The FTX and LEX create the opportunity for the leaders at all levels to gain
valuable experience in understanding distance and time relationships as they pertain to
their unit and mission. The issue of distance and time is the first hurdle to understanding
the interactions of each participant’s performance with respect to tactics, techniques and
procedures. A goal for the tactical leader may be an understanding of the time it takes
for reconnaissance to be conducted, orders to be issued, units to prepare and position
themselves, coordinated movements to be executed, and fires to be coordinated, all
against an uncooperative enemy on varied terrain. Other leaders gain experience in
cond;lcting timely repair and support of equipment in actual use over large Areas,
repairing equipment casualties for the next battle of the day. The lessons are as varied as
the levels of leadership. The'Regimeﬁtal Commander studies how much ground he can
expect his Marines to cover in 24 hours. The Platoon Commander explores why his
platoon took 24 minutes to consolidate on the objective.

A Range Instrumentation System (RIS) can pfovide high-resolution
reconstruction of unit training performance. The ability to replay the exercising unit’s

actions can serve to focus the AAR. RIS can provide an objective viewpoint from which
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to discuss the training. Exercise participar;ts do not need to be distracted by debates
about location and timing of actions during the AAR. Instead, participants should
examine why actions were taken and what alternatives were available. [Ref.1:p. D-1]
Focus can be placed on developing military judgement in leaders and evaluating
performance of all participants as a unit. This RIS serves to display actions to quickly
develop a reconstruction of the training and get to the heart of the issues to be examined.
A RIS can prevent participants from missing potential learning points or disguising poor
performance. Truly, a picture is worth a thousand words.

A lérge portion of any AAR discussion on a tactical exercise is related to topics
that are spatially oriented, time oriented, or both. This is demonstrated by the frequent
use of terrain models and maps in AARs. A RIS provides spatial and time referenced
datain a graphic display. “Graphic display achieves its highest goals when it allows
access to important, complex information; when in John Tukey’s words, “it forces us to

29

see what we never expected.””’[Ref.2:p.3] Range Instrumentation should not automate
the AAR process but augment the unit leader. Range Instrumentation can help us
overcome the human weaknesses associated with memory and perception. Almost every
tactical unit conducting any sort of training could benefit from RIS support to heighten
training experience.

4. Current and Proposed Systems

The U.S. Army has three major instrumented ground combat training centers.

The foremost is the National Training Center (NTC), Ft. Irwin, CA. NTC has a primary

mission of providing realistic instrumented training to mechanized U.S. Army units that
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travel to the center for training. The base consists of approximately 430,000 acres
instrumented for exercises. The instrumentation system utilizes transponders on military
vehicles backed by an antenna network for a microwave\ icommunications system that
collects telemetry and activity data. The telemetry and data collection system is fixed to
the training site. Over 800 contractor personnel provide the expertise for the NTC RIS.
NTC is designed to handle a battalion;sized task force with two or three maneuver
companies. Data are collected on vehicle locations and direct and indirect fire weapons.
Data are collected at the operations center for playback. Exercises smaller than battalion-
sized are not supported. Th; Combat Maneuver Training Center (CMTC), Germany is a
mechanized unit training facility. It is similar to NTC in equipment and focus but smaller
in scale. The Joint Readiness Training Center (JRTC), Ft. Polk, LA is similar to NTC but
- with an emphasis on light infantry. [Ref.3:p.22]

The U.S. Marine Corps has no ground RIS. In 1995 a Program Objective
Memorandum (POM) was developed for POM year 1998 to fulfill the deficiencies called
out in Center for Naval Analysis CRM 93-117, Training Mission Analysis. The system
considered would be designed to support training at all four continental U.S. training
bases. System procurement alone would have cost $186,276,000 in 1995 dollars.
[Ref.3:p 2] The system initiative was not funded in 1995 and no RIS development for
ground combat is underway inside the Marine Corps.

5. Tactical Exercise Review and Evaluation System(TERES)

The Tactical Exercise Review and Evaluation System (TERES) developed in this

research is a support system for AARs. At the conclusion of an exercise the participants

12



assemble at a common location and view a military map rendered on a computer display
with appropriate operational graphic control measures. The map can be scaled and
scrolled as required to display the geographic area desired. Unit and individual
movements and selected actions are replayed as overlays on a map to aid in the AAR.
VCR-like controls permit rewinding for review and pausing for discussion. This system
is adaptable to any training location and various sized units.

The data to animate the AAR is accumulated on a 3” by 8”, 30 oz. Handheld
Personal Computer (HPC) with a Global Positioning Receiver (GPS) shown if Figure 1.
Any unit can have its performance in many METL tasks recorded by an accompanying
observer carrying the device. If an observer is not available or not desired, the datg
collection device can be operated in a “tracking only” mode. In this mode it is possible to
wear the HPC and collect only position information. The estimated cost to equip one
element, team, or squad, for data collection is less than $1000. The display subsystem

functions on any Personal Computer, Macintosh, Linux, or Unix machine.

Figure 1. Global Positioning Receiver and Handheld Personal Computer.
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B. STATEMENT OF THESIS

It is possible to enhance participants’ military judgement and tactical learning
experience by introduction of Range Instrumentation. This thesis demonstrates a low-
cost, handheld RIS that gathers and then displays basic spatial and temporal data
dynamically in a format familiar to military personnel. TERES is intended to assist
observers and participants understand what happened simply and objectively.
Participants \;vill then be able to focus on why events happened and how they can be done
better. The system is designed in a minimal fashion to a set of specific training tasks but
is capable of expansion as desired. The design also allows other users to develop their
own applications for other data collection and analysis tasks.

The remainder of this thesis is organized as follows. Chapter II presenté the RIS
requirements and the technology that fulfills them. Chapter III will describe modeling a
tactical exercise with maps, overlays, and graphics. Chapter IV displays the system
architecture and design. Chapter V demonstrates system operation with a sample
écenario. Chapter VI examines possible future developments. Finally, Chapter VII

offers conclusions about this research.
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II. REQUIREMENTS AND TECHNOLOGY

The need to achieve success on the battlefield at the lowest possible human cost is
the incentive for the requirement to improve military preparedness through unit readiness
and ultimately creates the inescapable drive to improve training. This drive for better
training and more of it has practicalvlir'nitations of money and time. The essentials of the
Range Instrumentation System (RIS) requirement can be filled by low cost technologies
that have exploded in the consumer marketplace in recent years. Without these
technologies the system developed in this research would not be possible. Expected
developments in these same ‘arenas will enable us to extend our expectations for RIS in
the future.

A, REQUIREMENTS
Incorporate simulation, instrumentation, and automation into
training range upgrades.
The Marine Corps Master Plan for the 21% Century

The Marine Corps Combat Development Command (MCCDC) published an
Operational Requirements Document (ORD) for RIS, contained in Appendix C, in
response to a validated Mission Need Statement (MNS). The requirement for RIS relates
to the Mission Area 6f Command and Control (C2)[ Ref.5]. This RIS ORD was
published during initiation of the acquisition program to develop and field four systems.

The system envisioned included instrumentation of every weapon system, individual, and

vehicle with all sensors providing real time data to a central data collection point. This
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philosophy is reflected in the requirements contained in the ORD, the cost of the
contemplated system, and the failure of the program.

The ORD contains eight requirements for collection and use of data. Only two of
the requirements focus on the issue of supporting training and providing objective
feedback to Marines. One requirement indicates a precision of less than one meter is
required. Five of the eight remaining requirements center around the subject of near-real-
time two-way communication between a central data processing unit handling
adjudication of engagements, sim_ulation of other forces, and real time data collection.
[Ref.5]

This thesis focuses on the two core requirements of supporting Marines training.
The first requirement is the need to support live fire or force-on-force training. The
second requirement is to provide support in the field. The requirements for near-real-
time data display, interactions with simulations, and extremely high-resolution data
compete with the two core requirements by making the contemplated system
economically infeasible.

B. TECHNOLOGIES

A technologically feasible alternative exists to fulfill the ORD requirements
focusing on improving combat skills. This option consists of low cost, commercially
available, already understood, easily modified elements that combine to meet the RIS

needs.
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1. Handheld Personal Computers

Handheld Personal Computers (HPC) have exploded in the consumer electronics
marketplace. They are seeing an expanding base of consumers in our technologically
literate society. HPCs have proven themselves useful with features including calendars
and address books. They continue to expand in their capabilities in response to market
forces. New features including internet browsers, e-mail programs, word processors,
spreadsheets, graphics packages, and handwriting recognition packages have become
common.

The physical forms in which these devices are available is varied. HPCs can
come with keyboards or just touch screens. Some are available in sizes small enough to |
fit unobtrusively in your shirt pocket.

These devices can be programmed to do specific desired tasks. There is a pallet
of computer software languages aimed at supporting these small devices. The two most
common HPC operating systems in the market place are WindowsCE from Microsoft and
PalmOS from 3Com. Both of these systems support the C++ language [Ref. 6]. The
WindowsCE‘ operating system also supports tW(; Microsoft languages, Visual Basic [Ref.
71 and J++ [Ref. 8], a version of Java [Ref. 9].

The HPC is designed to compete with the traditional desktop computer in the
domain of the most common user functions, The designers of these devices focused on
providing some limited functionality for the consumer who does not want or need the full

features of a word processor, spreadsheet, or internet browser.
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The software for the HPC has a common theme- desktop computer look with a
subset of the features. The word processor programs, spreadsheets, and internet browsers
look like their desktop counterparts. The issues surrounding the features available are
arguable but one feature is clear, if you can use a desktop computer you can operate a
HPC. The mixture of icon and menu based interfaces, referred to as a Graphical User
Interface (GUI), are undeniably the same.

The HPC hardware is capable. Necessarily so, because the GUI style software
interface requires a lot of processing power. The devices available today consist of a 80-
100 Mhz processor with memory ranging from 4 to 32 Megabytes. Despite their small
size HPCs are powerful computer devices. HPCs are more powerful than many early
desktop systems. They integrate with a wide variety of peripherals. HPCs can host a
spectrum of modems, LAN cards, external monitors, facsimile devices, printers; and even
hard drives. |

The HPC is a small, inexpensive, and easy to use device that can be customized to
perform powerful tasks. Their portability, economy, and programmability serve to bring
solutions to a whole new type of consumer. The ipdividual on the battlefield is already
trained in using the interface on these devices. We just have to teach the HPCs what to
do!

2. Global Positioning System

The Global Positioning System (GPS) is already familiar to almost every
battlefield participant. GPS consists of a network of satellites broadcasting time signals

towards the earth. When outside, a GPS receiver can tie together signals from several
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satellites and calculate its own position. Once a receiver has locked in on one signal, it
has a time signal. The receiver can calculate latitude or longitude after it locks onto a
second satellite. With a third satellite, the receiver can calculate both latitude and
longitude. A fourth satellite permits calculation of altitude. The greater the number of
satellites, the greater the accuracy. More than four satellite signals permit the receiver to
make uncertainty calculations. [Ref 10]

Due to defense concerns, only degraded GPS signals are available to the public.
The degraded signal imposes errors in location calculations on the order of 100 meters.
Military GPS receivers are not affected by the degradation but they are expensive and
tightly controlled. Terrestrial differential beacons provide correction for these degraded
signals. Differential beacons are provided at